
Manfredi Ronzani
Albert-Ludwigs-Universität Freiburg

Tevatron combined Single Top 
production cross sections

1

on behalf of the CDF and DØ Collaborations
EPS-HEP 2015, Vienna, Austria

CDF



2

The Tevatron, CDF and DØ
• Run II: √s = 1.96 TeV
• In operation from 2002 to September 30th, 2011 (Shutdown) 
• Total integrated Luminosity delivered by Tevatron: ~12 fb−1 

• CDF & DØ luminosity acquired ~10 fb−1 (full dataset)
• Instanteneous luminosity record: ≈ 4.03 · 1032 cm-2s−1

Top quark observed at Tevatron in 1995, by CDF & DØ

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)
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• Production via EW in 3 channels: s, t, Wt;
• First Observation by CDF & D0 in 2009;

Phys.Rev. Lett., 103:092002, 2009;

• Tevatron and LHC both sensitive to t-ch; Tevatron not sensitive to Wt-ch but advantage on s-ch!
at LHC 5 times more signal but 15 times more background….
will be very challenging also at RunII since processes like ttbar increase more than s-ch production!

s-ch t-ch Wt-ch

Single Top at Tevatron

Manfredi Ronzani (University of Freiburg)

a : arXiv:1311.0283
b : arXiv:1506.04072

EPS-HEP 2015, Vienna
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      σ single top  ∝ |Vtb|2

• Direct measurement of |Vtb| CKM matrix element;

• Does unitarity holds? 

Sensitivity to new physics 
•  t-ch: FCNC
•  s-ch: heavy W’, Top pion 

W′,H+,Wkk

s-ch

Manfredi Ronzani (University of Freiburg)

Motivations

EPS-HEP 2015, Vienna



5

1) l+jets
•  One high-pT isolated lepton (e,mu)
•  Missing transverse energy
•  2 or 3 jets 
•  At least one b-tag

2) Met+jets (CDF only!)
•  No isolated lepton (e,mu)

➡ Leptons vetoed, orthogonal to l+jets
• Large MET > 35 GeV
• 2 or 3 jets 
•  At least one b-tag

Orthogonal Event Selections: (2) adds 33% acceptance to (1)

Manfredi Ronzani (University of Freiburg)

Event Selection and Strategy

Multivariate Analysis
The background uncertainty is larger than the 
predicted signal
➡ cannot do a simple counting experiment 
➡ use of Multivariate Techniques (BDT, NN, ME)

CDF lνbb Event Yield
EPS-HEP 2015, Vienna
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PLB 726, 656 (2013)

Strategy
• One analysis in l+jets doing everything with 9.7 fb−1 of DØ data

➡ s-channel, t-channel, s+t channel measurements

• DØ used three different techniques: BDT, BNN, ME
• Each method selects different event kinematics ➡ Around 75% correlation

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)

s+t cross section
• Combination of the 3 MVAs in a BayesianNN
• 1D posterior obtained for σs+t  integrating 

over σt with no assumption on SM σs /σt

σs+t = 4.11 +0.60 
-0.55 pb 

(±14%)

|Vtb| > 0.92 at 95% CL

s-ch VS t-ch  cross section
• 2D final discriminant sensitive to s-, t-ch  
• Integrating over σt and extract σs and vice-

versa

σs= 1.10 +0.33 
-0.31 pb (±29%)

σt = 3.07 +0.54 
-0.49 pb (±17%)

first 3.7σ evidence 

DØ Single Top Analysis
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CDF s+t Combination
The results of the two s+t analyses  (l+jets  and MET+jets) are 
combined by taking the product of their likelihoods and 
simultaneously varying correlated 
uncertainties 

σs+t = 3.02 +0.49 
-0.48 pb (±16%)

|Vtb| > 0.84 at 95% C.L.

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

CDF s+t Analyses
Lepton+jets with L = 7.5 fb−1 
• NNs trained with 11-14 variables 
• First inclusive measurement with Wt-ch at CDF!

PRL 113, 261804 (2014)

MET+jets with full CDF dateset 9.5 fb−1
• Completely orthogonal dataset to ℓ+jets  selection 
• Dedicated NN used to discriminate QCD, V+jets and ttbar 

arXiv:1410.4909
submitted to PRL
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FIG. 2. Comparison of the data with the sum of the predic-
tions of the NN output for the combined two- and three-jet
signal regions. The signal + background model is fit to the
data. The uncertainty associated with the sum of the predic-
tions (after fitting) is indicated by the grey shaded region in
each bin. The inset shows a magnification of the region for
which the NN discriminant ranges from 0.8 to 1.0, where the
single top quark contribution is larger.

ment of the single top quark cross section is performed
using a maximum posterior density fit to the binned NN
output distributions of the statistically independent bins.
We assume a uniform prior probability density for all
non-negative values of the cross section and integrate the
posterior probability density over the parameters of ef-
fects associated with all sources of systematic uncertain-
ties, parametrized using Gaussian prior-density distribu-
tions truncated to avoid negative probabilities.

We measure the total cross section of single top quark
production �

s+t+Wt , assuming the SM ratio among the
s-channel, t-channel, and Wt production rates. From
the posterior probability density calculated using the
NN output distributions, we extract a cross section of
�
s+t+Wt = 3.04+0.57

�0.53 pb, assuming a top quark mass of
172.5 GeV/c2.

To extract |Vtb |, we use the direct proportional-
ity between the production cross section �

s+t+Wt and
|Vtb |2 [35]. We take the constant of proportionality to
be the ratio between the SM prediction for the cross
section 3.40 ± 0.36 pb [3–5] and the nearly unit value
of |Vtb |2 obtained in the SM assuming the CKM hier-
archy. Under the assumption that the top quark de-
cays to a W boson and b quark 100% of the time
(|Vtb |2 � |Vts |2 + |Vtd |2), we obtain a 95% Bayesian
credibility level lower limit of |Vtb | > 0.78 and extract
|Vtb | = 0.95± 0.09 (stat + syst)± 0.05 (theory).

To extract the single top quark cross sections for s-
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FIG. 3. Results of the two-dimensional fit for �
s

and �
t+Wt .

The black circle shows the best-fit value, and the 68.3%,
95.5%, and 99.7% credibility regions are shown as shaded ar-
eas. The standard model (SM) predictions are also indicated
with their theoretical uncertainties.

channel production and t-channel +Wt production sep-
arately, we assume a uniform prior-probability density
distribution in the two-dimensional plane (�

s

,�
t+Wt) and

determine the cross sections that maximize the posterior-
probability density distribution. The t-channel andWt
processes are combined as they share the same final-
state topology. We study the sensitivity of the result-
ing fit to the relative contribution of the t-channel and
Wt processes (where theWt contribution is taken to be
approximately 10%) and find it to be negligible. The
best-fit cross sections correspond to �

s

= 1.81+0.63
�0.58 pb

and �
t+Wt = 1.66+0.53

�0.47 pb, with a correlation factor
of –24.3%. The uncertainties on these measurements
are correlated because signal events from both the s-
channel and the t-channel +Wt processes populate the
signal-like bins of each of our discriminant variables. Re-
gions of 68.3%, 95.5%, and 99.7% credibility are derived
by evaluating the smallest region of area that contains
the corresponding fractional integrals of the posterior-
probability density distribution. The best-fit values, the
credibility regions, and the SM predictions are shown in
Fig. 3. These measurements are fully compatible with
the SM predictions of �

s

= 1.06 ± 0.06 pb and �
t+Wt =

2.34 ± 0.30 pb [3–5].
In conclusion, we study single top quark production in

the W + jets final state using pp̄ collision data collected
by the CDF experiment, corresponding to 7.5 fb�1 of
integrated luminosity. We measure a single top quark
cross section for the combined s-channel + t-channel
+ Wt processes of 3.04+0.57

�0.53 pb and we set a lower
limit |Vtb | > 0.78 at the 95% credibility level, assum-
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FIG. 1: Predicted and observed NNs+t

sig distributions in the signal region, for the (a) 1T two-jet, (b) 1T three-jet, (c) TL
two-jet, (d) TL three-jet, (e) TT two-jet, (f) and TT three-jet subsamples. The expected signal and background contributions
are shown as filled, stacked histograms; the background is stacked on top of the signals, which are normalized to their best-fit
values. The data are indicated by points with error bars.

signal from the background. A series of multivariate dis-
criminants that take advantage of nontrivial variable cor-
relations is therefore employed to optimize the suppres-
sion of MJ background and to separate the signal from
the remaining backgrounds. For each of the multivari-
ate algorithms described below, a combination of inputs
is used corresponding to kinematic, angular, and event
topology related quantities whose distributions are dif-
ferent between the background under consideration and
the signal.

The dominant background in the preselection sam-
ple is MJ events. To discriminate against this back-
ground, the same NNQCD multivariate discriminant that
was developed in the 6E

T

bb̄ s-channel single top quark
search [9] is used. All events that satisfy a minimum
NNQCD threshold requirement populate the signal re-
gion, in which the dominant backgrounds are from MJ
production, V+heavy-flavor-jets events, and tt̄ events.
Events that do not meet the minimal NNQCD threshold
are used to validate the background prediction with the
data. From this validation, multiplicative correction fac-
tors ranging from 0.7 to 0.9 are derived for each of the 1T,
TL and TT MJ predictions so that the total predicted
background normalizations are in agreement with data.
These corrections are applied to the MJ predictions in
the signal region.

For all events in the signal region, two additional dis-
criminants are developed that further exploit the di↵er-
ences in kinematic properties between the signal and the
V+jets background, and the signal and tt̄ background
processes. The first discriminant, NN

V jets, is trained
using simulated t-channel single top quark events for

the signal sample and MJ-modeled events that satisfy
the requirement on NNQCD, for the background sample.
The second discriminant, NN

tt̄

, is trained to separate t-
channel single top quark from tt̄ production, again using
simulated t-channel single top quark events for the signal
and simulated tt̄ for the background. The values of these
two discriminants are then combined in quadrature for
an overall discriminant called NNt

sig; this is analogous to
the strategy adopted in Ref. [9].

The s-channel optimized NNsig discriminant as used in
Ref. [9] and the NNt

sig discriminant of this analysis are

combined to obtain an NNs+t

sig final discriminant, used to
simultaneously separate both s- and t-channel signal pro-
cesses from the remaining background. For events with
NNsig output values larger than 0.6, NNs+t

sig is assigned

to the NNsig output. For the remaining events, NNs+t

sig

is defined as the NNt

sig output multiplied by 0.6. Fig-
ure 1 shows the predicted and observed distributions of
the NNs+t

sig output variable for each of the six event sub-
samples used in this analysis.

Several sources of systematic uncertainty are taken into
account. The dominant systematic uncertainty arises
from the normalization of the V+heavy-flavor back-
ground contributions. For V+jets production, the heavy-
flavor (HF) fraction observed in simulation is corrected
based on the number of b-tagged events observed in an
independent data control sample [25]. A 30% uncertainty
on the V+HF rate estimate is included in the fit.

Possible mismodeling in the b-tagging e�ciency is
taken into account by applying scale factors to the sim-
ulation so that its e�ciency matches that observed in
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(a) (b)

FIG. 2: Two-dimensional posterior probability densities of the s- and t-channel cross sections for the (a) 6E
T

bb̄ analysis presented
here, and (b) the CDF combination of the 6E

T

bb̄ and `⌫bb̄ analysis results. Theory uncertainties are not shown.
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s-channel l+jets & MET+jets with full CDF dataset 9.5 fb-1

• l+jets and MET+jets s-channel optimized analyses based on Higgs search techniques  and selection
• Both use MVA discriminant sensitive to s-channel only

l+jets MET+jets

PRL 112 231805 
(2014) 

PRL 112 231804 
(2014) 

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

CDF s-channel Analyses

σs = 1.36+0.37−0.32 (stat+syst) pb
(±27%)

PRL 112 231805 (2014)

4.2σ significance 

CDF s-ch Combination
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Tevatron Single Top 
Combinations
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Inputs

Output

PRL 112 231803 (2014) 

• Include all systematic 
uncertainties and takes in 
account correlations 

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

Tevatron s-channel Combination

• L = 9.7 fb−1

• Combine CDF (l+jets and 
MET+jets) & D0 discriminants 
(l+jets) 

• Extract combined cross 
section using Bayesian 
statistical analysis 
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σs = 1.29+0.26−0.24 (stat+syst) pb (±19%)

First observation of s-channel single top production!
PRL 112 231803 (2014) 

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

Tevatron s-channel Observation
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Last Single Top legacy measurements from Tevatron!

• σs+t   VS  σt  with L<9.7 fb−1

• Combines CDF and D0 analysis: same method as s-ch
• Employ s-,t- channel discriminants from  D0 and CDF

➡both fitted simultaneously
• σs+t  obtained by integrating  2D posterior (σs+t vs σt) 

over σt with no assumption on SM σs /σt

σs+t = 3.30 +0.52 -0.40 pb (±13%)

σt = 2.25 +0.29 
-0.31 pb (±13%)

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)

Tevatron s+t Combination

arXiv:1503.05027
submitted to PRL
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FIG. 1: (Color online) Distribution of the discriminant his-
tograms, summed over bins with similar ratios of (s-channel
− t-channel) signals divided by background yields. The data,
predicted SM s- and t-channel yields, and expected back-
ground are displayed. The total expected background (black
solid line) is shown with its uncertainty (grey shaded band).
A nonlinear scale is used on the abscissa to better display the
range of the discriminant output values.
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FIG. 2: (Color online) Two-dimensional posterior probabil-
ity as a function of σt and σs with one, two, and three s.
d. probability contours for the combination of the CDF and
D0 analysis channels compared with the NLO+NNLL theo-
retical prediction of the SM [9, 12]. Several BSM predictions
are shown, a model with four quark generations with top-to-
strange quark coupling |Vts| = 0.2 [51], a top-flavor model
with new heavy bosons with mass mx = 1 TeV [6], a model
of charged top-pions with mass mπ± = 250 GeV [6], and a
model with flavor-changing neutral currents with a 0.036 cou-
pling κu/Λ between up-quark top-quark and gluon [6, 52].

ties [17, 22]. Figure 2 also shows the expectation from
several beyond the SM (BSM) models. Figure 3 shows
the individual [21, 22] and combined (this Letter) mea-
surements of the t- and s + t-channel cross sections in-
cluding previous measurements of the individual [22, 24]
and combined [26] s-channel cross sections. All measure-
ments are consistent with SM predictions.
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FIG. 3: (Color online) Measured single-top-quark production
cross sections from the CDF and D0 collaborations in dif-
ferent production channels and the Tevatron combinations of
these analyses compared with the NLO+NNLL theoretical
prediction [9, 12].

The SM single-top-quark production cross section is
approximately proportional to the square of the CKM
matrix element Vtb, thus providing a measurement of |Vtb|
directly without any assumption on the number of quark
families or the unitarity of the CKM matrix [53]. We
extract |Vtb| assuming that top quarks decay exclusively
to Wb final states.
We start with the multivariate discriminants for the s

and t channels for each experiment and form a Bayesian
posterior probability density for |Vtb|2 assuming a uni-
form prior probability distribution in the region [0,∞].
Additionally, the uncertainties on the SM predictions for
the s- and t-channel cross sections [9, 12] are considered.
The resulting posterior probability distribution for |Vtb|2
is presented in Fig. 4. We obtain |Vtb| = 1.02+0.06

−0.05. If
we restrict the prior to the SM region [0,1], we extract a
limit of |Vtb| > 0.92 at the 95% C.L.
In summary, using pp̄ collision samples corresponding

to an integrated luminosity of up to 9.7 fb−1 per experi-
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FIG. 3: (Color online) Measured single-top-quark production
cross sections from the CDF and D0 collaborations in dif-
ferent production channels and the Tevatron combinations of
these analyses compared with the NLO+NNLL theoretical
prediction [9, 12].

The SM single-top-quark production cross section is
approximately proportional to the square of the CKM
matrix element Vtb, thus providing a measurement of |Vtb|
directly without any assumption on the number of quark
families or the unitarity of the CKM matrix [53]. We
extract |Vtb| assuming that top quarks decay exclusively
to Wb final states.
We start with the multivariate discriminants for the s

and t channels for each experiment and form a Bayesian
posterior probability density for |Vtb|2 assuming a uni-
form prior probability distribution in the region [0,∞].
Additionally, the uncertainties on the SM predictions for
the s- and t-channel cross sections [9, 12] are considered.
The resulting posterior probability distribution for |Vtb|2
is presented in Fig. 4. We obtain |Vtb| = 1.02+0.06

−0.05. If
we restrict the prior to the SM region [0,1], we extract a
limit of |Vtb| > 0.92 at the 95% C.L.
In summary, using pp̄ collision samples corresponding

to an integrated luminosity of up to 9.7 fb−1 per experi-
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|Vtb| > 0.92 at 95% C.L.

|Vtb| Matrix Element Extraction
• Vtb: same MVA discriminants as for s- and t-channel cross sections
• form a Bayesian posterior p.d. for |Vtb|2 assuming a “flat” prior 

with no assumption on SM σs /σt

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

arXiv:1503.05027
submitted to PRL

Tevatron s+t Combination

|Vtb| = 1.02+0.06-0.05 
(5.4%)
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function of |Vtb|

2 for the combination of CDF and D0 analysis
channels. The arrow indicates the allowed values of |Vtb|

2

corresponding to the limit of |Vtb| > 0.92 at the 95% C.L.

ment, we report the final combination of single-top-quark
production cross sections from CDF and D0 measure-
ments assuming mt = 172.5 GeV. The cross section for
t-channel production is found to be

σt = 2.25+0.29
−0.31 pb.

With no assumption on the relative s- and t-channel con-
tributions, the total single-top-quark production cross
section is

σs+t = 3.30+0.52
−0.40 pb.

Together with the combined s-channel cross section [26],
this completes single-top-quark cross-section measure-
ments accessible at the Tevatron. All measurements
are consistent with SM predictions [9, 12]. Finally, we
extract a direct limit on the CKM matrix element of
|Vtb| > 0.92 at the 95% C.L. As a result, there is no
indication of sources of new physics beyond the SM in
the measured strength of the Wtb coupling.
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29% first evidence: 3.7σ

19% first Observation: 6.1σ

13% ; |Vtb|: 5.3% precision

Full Tevatron 
dataset 

up to 9.7 fb−1

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna
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strange quark coupling |Vts| = 0.2 [51], a top-flavor model
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of charged top-pions with mass mπ± = 250 GeV [6], and a
model with flavor-changing neutral currents with a 0.036 cou-
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ties [17, 22]. Figure 2 also shows the expectation from
several beyond the SM (BSM) models. Figure 3 shows
the individual [21, 22] and combined (this Letter) mea-
surements of the t- and s + t-channel cross sections in-
cluding previous measurements of the individual [22, 24]
and combined [26] s-channel cross sections. All measure-
ments are consistent with SM predictions.
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FIG. 3: (Color online) Measured single-top-quark production
cross sections from the CDF and D0 collaborations in dif-
ferent production channels and the Tevatron combinations of
these analyses compared with the NLO+NNLL theoretical
prediction [9, 12].

The SM single-top-quark production cross section is
approximately proportional to the square of the CKM
matrix element Vtb, thus providing a measurement of |Vtb|
directly without any assumption on the number of quark
families or the unitarity of the CKM matrix [53]. We
extract |Vtb| assuming that top quarks decay exclusively
to Wb final states.
We start with the multivariate discriminants for the s

and t channels for each experiment and form a Bayesian
posterior probability density for |Vtb|2 assuming a uni-
form prior probability distribution in the region [0,∞].
Additionally, the uncertainties on the SM predictions for
the s- and t-channel cross sections [9, 12] are considered.
The resulting posterior probability distribution for |Vtb|2
is presented in Fig. 4. We obtain |Vtb| = 1.02+0.06

−0.05. If
we restrict the prior to the SM region [0,1], we extract a
limit of |Vtb| > 0.92 at the 95% C.L.
In summary, using pp̄ collision samples corresponding

to an integrated luminosity of up to 9.7 fb−1 per experi-
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Search for W’ -> tb
• Several modifications of SM predict the existence of massive, shortlived states decaying to pairs 

of SM leptons or quarks.
➡Same topology as single top s-channel can be studied to search for W’ boson

• Search is conducted with MET-based trigger requiring or not presence of a charged lepton in final 
state

• Signal modeled with Pythia: W’ with 300 ≤ MW’ ≤ 900 GeV/c2

• Dominant background: QCD rejected with NNQCD

• Subsamples: #jets and #b-tags (2J1T…3J2T) and type of tag (T,L)

arXiv:1504.01536
accepted by PRL
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Search for W’ -> tb
• left-right symmetric BSM model with W’ bosons of unknown mass and SM weak-coupling to 

fermions, is used as a benchmark model.
• Considering allowed and forbidden W’ -> tb decay to leptons
• Best exclusion limit for MW’ ≤ 600 GeV/c2 !

W’ excluded up to 860 (880) GeV/c2, 
for allowed (forbidden) lepton decay modes

arXiv:1504.01536
accepted by PRL
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Thanks for the attention!

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)

•  Single Top was observed at CDF&D0 in 2009 
•  Now, Single Top program at Tevatron is complete!
✓ All measurements in agreement with SM prediction!
✓ At least for single top cross section, this is the final 

measurement    by Tevatron!
•  s-channel was the last missing block in ST: Observed!
•  s+t final Tevatron combination has been performed 
•  BSM result in single top area presented!

Summary
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Backup
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CDF and DØ detectors
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Signal and Background Modeling
Electroweak/Top: Single Top, ttbar, diboson 

• modeled by Monte Carlo (MC) 
➡ single top: powheg (CDF), CompHEP (DØ) 
➡ ttbar: Pythia (CDF), Alpgen (DØ)
➡ diboson, WH: Pythia 

• normalized to theoretical cross section

W+jets: 
• modeled by Alpgen+Pythia Monte Carlo (MC) 
• normalisation and flavour composition from data

Mistags: 
• falsely tagged light quark or gluon jet 
• mistag probability from data

Multijet: 
• Normalisation and shape from data-driven model

Z+jets: modeled by Alpgen+Pythia  MC

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna
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PLB 726, 656 (2013)

s+t cross section
• Combination of the 3 MVAs in a BayesianNN 
• 1D posterior obtained for σs+t  integrating over σt with no 

assumption on SM σs /σt

σs+t = 4.11 +0.60 
-0.55 pb (±14%)

s-ch VS t-ch  cross section
• 2D final discriminant sensitive to s-, t-ch  
• Integrating over σt and extract σs and vice-versa

σs= 1.10 +0.33 
-0.31 pb (±29%) first evidence with  

3.7σ significance 

σt = 3.07 +0.54 
-0.49 pb (±17%)

|Vtb| > 0.92 at 95% CL

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)

DØ Single Top Analysis
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• A new b-jet identification algorithm optimized for H → bb searches: HOBIT 
• Two different HOBIT cuts are used: tight b-tag (T), loose b-tag (L) 

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

Hobit b-tagger at CDF
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_

Strategy
• Lepton+jets with 7.5 fb−1 of CDF data 
• NNs trained with 11-14 variables 

• Use s-ch as signal in only 2J2T and t-ch for the rest
• Validate data-bg agreement in 0T Control Region
• Use admixture of systematics shifted samples 

➡  3% improvement

PRL 113, 261804 (2014)

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

CDF lνbb s+t Analysis

Single Top s+t+Wt Cross Section
• maximum likelihood fit to the binned NN output
• Integrate  the posterior probability density over the parameters  

associated with all sources of systematic uncertainties
• First inclusive measurement with Wt-ch at CDF!

σs+t+Wt = 3.04 +0.57
-0.53 (stat+syst) pb (± 19%) 

σs = 1.81 +0.63
-0.58 pb 

σ(t+Wt) = 1.66 +0.53 
-0.47 pb
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arXiv:1410.4909
submitted to PRL

/
Strategy
•  MET+jets with full CDF dataset 9.5 fb−1 
•  Completely orthogonal dataset to ℓ+jets  selection 
•  Subsamples wrt #jets and #b-tags (2J1T…3J2T)

•  CDF HOBIT multiavariate tagger used 

•  Dedicated NN used to discriminate QCD, V+jets and 
ttbar for s-ch and t-ch

•  1D posterior obtained for σs+t  assuming constant SM 
σs /σt 

Results

σs+t = 3.53 +1.25
-1.16 pb (stat+syst) (± 34%) 

|Vtb| > 0.63 at 95% CL

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

CDF ETbb s+t Analysis
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ET+jets QCD rejection (CDF)/
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CDF note 11033

The results of the two s+t analyses  (l+jets  and MET
+jets) are combined by taking the product of their 
likelihoods and simultaneously varying correlated 
uncertainties 

σs+t = 3.02 +0.49 
-0.48 pb (±16%)

|Vtb| > 0.84 at 95% C.L.

Manfredi Ronzani (University of Freiburg)EPS-HEP 2015, Vienna

CDF s+t Analyses
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Uncertainties

s-ch Observation
total expected uncertainty: 20%
expected uncertainty w/o systematics: 14%

s+t Tevatron
total expected uncertainty: 13%
expected uncertainty w/o systematics: 8%

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)
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• σ(s+t+Wt) ∝ |Vtb|2 so we can extract the matrix element, assuming: 

•SM top quark decay: |Vtd|2+|Vts|2≪|Vtb|2 

•V-A and CP conserving Wtb vertex   
• No assumption on # of  families or CKM unitarity

•additional systematic uncertainties: theoretical uncertainty on single top cross section

EPS-HEP 2015, Vienna Manfredi Ronzani (University of Freiburg)

|Vtb| Measurement
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Tevatron s+t Combination & BSM


